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Skid Resistance of Road Surfaces 


By R. A. MOYER 


Research Associate Professor of Highway En- 
gineering. Iowa Engineering Experiment Sta- 
tion, Ames, Iowa 


T IS indeed a pleasure 

and a privilege to present 
to this group some of the 
more important findings in 
research conducted by the 
Iowa Engineering Experi- 
ment Station under the 
writer’s direction, in which 
the skidding characteristics 
of various road _ surfaces 
were investigated. In this 
report I will give special 
emphasis to results of tests 
in which the aggregate used 
consisted of crushed stone or screenings, products in 
which all of you are vitally interested. I am partic- 
ularly happy to be here today because it provides me 
with the opportunity to repay in part at least a debt 
of gratitude to two prominent members of your as- 
sociation. I refer to one of your former presidents 
who served you well, Mr. Otho M. Graves, and to 
your Engineering Director, Mr. A. T. Goldbeck. 

Twenty years ago your esteemed Mr. Graves, who 
was then a college professor, left a lasting impres- 
sion on your speaker who was at that time a very 
green freshman. That dignity and personal charm 
in the man, whom I am sure all of you admire, meant 
a great deal tome then. The fact that he could make 
descriptive geometry, one of the most feared and 
most abstract subjects in our engineering curriculum, 
interesting and understandable, speaks well for his 


'Presented at the Twenty-Second Annual Convention of the 
National Crushed Stone Association held at the Netherland Plaz:. 
Hotel, Cincinnati, Ohio, January 30, 31 and February 1, 1939. 


e The subject of skid resistance of road surfaces 
is of direct interest to stone producers for it 
bears on the proper use of crushed stone in 
highway construction. Prof. Moyer, a recog- 
nized authority on skid resistance, has given in 
the present paper an excellent summary of the 
results of many of his tests. 


ability. You are fortunate to have had so able a 
leader in your ranks. After these many years it has 
been a real pleasure to renew our friendship under 
such pleasant circumstances. 

For more than 16 years I have followed the litera- 
ture in highway engineering. During that time I 
have been impressed by the fine work and the type 
of thinking which has made the accomplishments of 
your Engineering Director, Mr. Goldbeck, so out- 
standing. Time is too short to make it possible for 
most of us to learn directly by experience; in 
fact, much that we know, we learned by borrowed 
experience. Mr. Goldbeck has simplified many of 
our highway engineering problems for me and so 
when he invited me to address you today, I was more 
than pleased to accept his kind invitation. 


Origin of Skid Tests 


Now coming back to the main subject of my paper, 
that of developing non-skid roads, you may be in- 
terested to know that tests to determine the slipperi- 
ness of road surfaces were conducted by the Iowa 
Engineering Experiment Station under the direction 
of Dean Agg as early as 1924. Since 1932, an inten- 
sive study of many phases of the problem has been 
conducted under the direction of the writer. Road 
tests have been run on many surfaces and surface 
conditions, to determine the extent of the slippery 
condition, the probable causes, and the most satisfac- 
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tory methods for correcting this condition. Accident 
statistics have been studied. The frictional require- 
ments when braking and when driving on curves 
have been studied. The variable effects due to the 
condition of the tires, the load, the type of wheel sus- 
pension and the speed of the car have also been 
studied. Interest on the part of engineers in develop- 
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ing non-skid road surfaces has been increasing 
steadily during recent years because (1) many 
serious accidents have been reported as definitely due 
to slippery road surfaces, (2) the demand for operat- 
ing in safety at high speeds has stimulated the con- 
struction of non-skid surfaces, and (3) the develop- 
ment of many new types of surfaces, particularly of 
the bituminous types known to be slippery if not 
properly constructed, has also added to this interest. 
Nevertheless, since the majority of highway acci- 
dents are charged to the carelessness of the driver 
and so few to defects of the road, the real value of 
developing non-skid roads is not always appreciated 
by the public or even by all highway engineers. Just 
because cars do not always skid by sliding end for 
end or broadside over the road is no reason why such 


roads may not be considered as slippery. A non-skid 
surface will not only reduce the tendency to skid in 
this extreme way but what is probably more im- 
portant, but less evident, it will permit the driver to 
stop the car in far shorter stopping distances, to 
make sharper turns, and to maneuver the car with a 
far greater margin of safety than on a slippery sur- 
face. 

Statistics collected and published by the Travelers 
Insurance Company indicate that about 1,500 persons 
are killed annually and 38,000 are injured in the 
United States in skidding accidents, and that an ad- 
ditional 6,000 are killed and more than 100,000 are in- 
jured in accidents in which the car is out of control, , 
in many cases, no doubt, because the surface is slip- 
pery or at least not as non-skid as it might be. These 
data show quite definitely that slippery surfaces are 
the cause of many accidents, and since we also know 
that this slippery condition is the result of improper 
construction and maintenance, we would like to call 
to the engineer’s attention his obligation to correct 
the slippery condition as soon as possible. 


Methods of Conducting Tests 


Before presenting some of the more important de- 
tails concerning the design features and corrective 
measures to be adopted to build skid resistance into 
the more common surfaces of today, a brief discus- 
sion of the methods of conducting the road tests, and 
some general observations made by the writer in con- 
nection with these tests may be helpful in obtaining 
a clearer understanding of the problem. 

Tests were conducted using a two-wheel trailer 
test unit equipped with either new tread or smooth 
tread tires and an integrating dynamometer specially 
designed to measure the skidding forces. Since the 
wet condition creates the most common hazardous 
condition, a water tank was placed on the tow truck 
to sprinkle the road when running the wet tests. 

The resistance to skidding which a given surface 
can provide is best expressed in terms of the co- 
efficient of friction which is the ratio of the force 
causing the tires to skid to the load on the tires. If 
a large force is required to cause skidding, the co- 
efficient is large; if the force is small, the coefficient 
is small. The tests indicated that practically all 
roads in the dry condition can provide friction with a 
liberal amount to spare for the ordinary driving de- 
mands and even for the demands when an emergency 
arises. Many surfaces in the wet condition were 
found to be almost as safe as in the dry condition, but 
the tests indicated that there are many surfaces 
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which are dangerously slippery when wet. The sur- 
faces which were found to be most slippery when 
wet were the bituminous types glazed with a coat- 
ing of surplus oil, asphalt, or tar. Surfaces covered 
with snow, ice, or mud were also found to be very 
slippery. The latter is not a characteristic of the 
road surface, but a condition which must be corrected 
by proper maintenance, as will be shown later. 


Effect of Speed on Skidding 


In the early work on skidding, tests were conducted 
at low rates of speed at which the large uniform trac- 
tive forces required of the towing vehicle could 
easily be provided. In the more recent work, the 
variable effect due to speeds ranging from 3 to 40 
miles an hour was investigated.” In certain respects, 
the results were almost startling, because they indi- 
cated for the first time how slippery certain surfaces 
or surface conditions really are. On certain surfaces 
in the wet condition it was found that at 40 miles an 
hour the friction available was only one-fourth to 
one-fifth as great as at 10 miles an hour. In fact, 
under certain conditions these surfaces were found to 
be equally as slippery as snow- or ice-covered sur- 
faces. As was previously stated, the frictional re- 
sistance which can be developed by a rubber tire on 
a dry, hard and firm surface is considerably greater 
than is required for ordinary or even for emergency 
driving operations. It is the wet condition, or the 
presence of excess oil, mud, snow, ice, or of loose 
sand or gravel or wet leaves on the surface which 
makes the road slippery. The wet condition is the 
most common cause of slipperiness, and provides 
surfaces with the widest range in frictional resis- 
tance, hence the greatest uncertainty to the driver in 
regard to what he may expect with surfaces in this 
condition. 

In theory and as evidenced by our tests, the total 
frictional resistance to skidding is equal to the true 
frictional resistance between the two surfaces, plus 
the resistance which results from a mechanical inter- 
locking of the tire tread with the road surface. This 
mechanical resistance is brought about by the minute 
particles of rubber interlocking with equally small! 
projections in the road surface which cause the rub- 
ber to shear off as the tire slides over the surface, in 
extreme cases leaving the debris of rubber in its 
path, commonly known as the skid marks. The true 
frictional resistance is theoretically proportional to 
the normal load supported by the tire. The mechani- 
cal resistance, however, is dependent not only on the 
normal force or load on the tire but depends also on 


the area of contact of the tire with the road surface. 
Surfaces which are smooth, which provide a large 
contact area for the tire and close and intimate con- 
tact should, as indicated by our tests, provide the 
greatest frictional resistance against skidding. Con- 
versely, surfaces which have a rough knobby surface 
texture do not provide the intimate contact and 
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therefore do not provide the equally large frictional 
resistance provided by smooth surfaces with a gritty 
finish. 


Effects of Wet Surfaces 


On wet surfaces, the water serves as a lubricant, 
unless it can be squeezed or squeegeed from the sur- 
face as the tire rolls over it. This squeezing and 
squeegee action is very effectively carried out at slow 
speeds even when “bald-headed” or smooth-tread 
tires are used. At speeds above 20 or 30 miles an 
hour, the tires fairly skim over the surface, and it 
is far more difficult to remove the excess water and 
to eliminate the lubricating effect of the water. If 
the water is trapped between the tire and the road, 
skidding resistance drops off sharply. On wet sur- 


faces, it is important to recognize that a large area of 
intimate contact is necessary to develop high fric- 
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tional resistance; that small grooves must be pro- 
vided in the road and in the tire to permit the ex- 
cess water to escape; and that the aggregate on the 
surface must be hard and sharp with many small 
points of contact to grip the tire and prevent skid- 
ding. Tests conducted by the writer indicated that 
surfaces with a sandpaper-like finish provided 
greater frictional resistance when wet than surfaces 
on which large-sized aggregate was used to develop 
a rough-knobby finish. Surfaces with a hard silica 
sand, quartzite, trap, or similar hard aggregate were 
more satisfactory than surfaces on which soft lime- 
stone or other soft, highly absorptive aggregate was 
used. It did not seem possible to squeeze out the 
water as effectively on surfaces on which soft and 
highly absorptive aggregate was used as where hard 
impervious aggregate was used. Furthermore, it 
may also be said that to reduce slipperiness for any 
purpose, hard abrasive material, such as carborun- 
dum or a sharp sand, generally will be more effective 
than a soft limestone, shale, or the like. 

Another important characteristic of surfaces re- 
vealed by the tests was that surfaces which were 
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highly polished or glazed were quite certain to be 
dangerously slippery when wet. Presumably on a 
highly polished or glazed surface, such as on a 
smooth steel plate, a steel troweled or highly polished 
concrete surface, or a glazed-over asphalt surface, the 
water is trapped between the tire and the road sur- 
face and cannot be squeezed out as effectively as on a 
somewhat rougher textured surface which has the 
sandpaper-like or gritty surface finish. 

In view of these general observations concerning 
the skidding properties of road surfaces, let us now 


examine the more important surfaces in general use 
today, such as portland cement concrete, the bitumi- 
nous types, asphalt plank, mud-, snow-, and ice- 
covered surfaces, and snow- and ice-covered surfaces 
treated with cinders or screenings. 


Portland Cement Concrete Surfaces 


The portland cement concrete surfaces provide the 
largest mileage of a uniform standard of construction 
among all the high-type surfaces used in this country 
today. The skidding properties of portland cement 
concrete were found to be the most consistent of all 
the surfaces on which tests were run. While the 
skidding resistance was not as high on the wet port- 
land cement concrete as on certain bituminous types, 
the driver has the assurance of moderately high re- 
sistance to skidding, and he knows by experience just 
about how much he can depend on the wet portland 
cement concrete to protect him. In recent years, the 
demands for greater frictional resistance required at 
the higher speeds make it desirable to build the 
greatest possible skid-resistance into all surfaces. In 
the case of portland cement concrete surfaces, this 
may be accomplished by brooming the surface or by 
finishing it with a canvas belt. 

In a survey conducted by the writer as chairman 
of the project committee of the American Road 


| Builders’ Association on this subject, it was found 


that more than one-half of the state highway depart- 
ments and many city departments now specify 
brooming for the final finish on portland cement con- 
crete pavements. The brooming or belting operation 
should bring the sharp sand grains to the surface and 


‘should remove or break up the coating of cement 


paste which is responsible for the slippery condition 
which is certain to develop on portland cement con- 
crete surfaces finished with a steel trowel. The 
cement paste develops a hard surface finish which is 
polished smooth by the wearing action of traffic. Such 
a surface absorbs water easily and it does not appear 
possible to squeeze out the excess water readily nor 
does it have the grittiness of concrete surfaces 
finished with a broom. The use of a liberal amount 
of clean, sharp, hard sand in the mix, even leaning 
toward an oversanded mix, should improve the skid 
resistance of portland cement concrete. Excessive 
manipulation, vibration, or finishing draws an excess 
of cement paste to the surface and is certain to con- 
tribute to the slipperiness of surfaces so constructed. 
Portland cement concrete surfaces rarely become 
dangerously slippery, when wet. However, if they 
do, the most effective treatment is to cover such sur- 
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faces with a bituminous mat 1 inch to 2 inches thick, 
and of a type known to have a high skid resistance, as 
will be described later. 

The wear on a high-quality portland cement con- 
crete surface caused by traffic is very small, and since 
the hydrated cement paste has a hardness or wearing 
resistance approaching that of the aggregate, con- 
crete surfaces are likely to lose some of their gritti- 
ness with age. Proper brooming will prolong the 
high skid-resistance present on the new concrete sur- 
faces. The application on the surface of the green 
concrete of corundum, carborundum, or emery re- 
crush or gannister or similar abrasives which are 
considerably harder and more wear resisting than the 
cement or aggregate, provides a method of treatment 
which is known to be very effective on concrete 
stairways and offers a possibility in building a more 
permanent skid-resistance into our portland cement 
concrete roadways. 


Bituminous Surfaces 


Tests on bituminous road surfaces provided the 
largest variation in frictional resistance found on 
any of the surfaces tested. These surfaces, popularly 
known as “black-top,” are generally thought of as 
dangerously slippery when wet. The results of skid 
tests on several bituminous surfaces substantiated 
this belief. However, the tests on the majority of 
bituminous surfaces in the wet condition provided 
frictional resistance appreciably higher than that ob- 
tained on any other type of surface tested. It can 
now be said without fear of contradiction that it is 
possible to build “black-top” surfaces which are as 
free from the dangers of skidding as any road surface 
in common use today. Furthermore, with the in- 
formation now at hand, there is no reason why every 
mile of bituminous road cannot be made reasonably 
safe from the hazards of skidding. 

An examination of the bituminous surfaces found 
to be slippery revealed that they were covered with 
heavy seal coats of an excess of bituminous material. 
The surfaces which offered high resistance to skid- 
ding were covered with sharp, hard sand, or with 
hard and finely crushed rock particles, held in place 
by the weaker bituminous cement. As the tops of 
the sand or rock particles were uncoated with 
bitumen, these surfaces may be said to have a sand- 
- paper-like finish, renewable under the action of traf- 
fic and weathering. It should be recognized that ex- 
cess tar or asphalt in a bituminous mixture is not 
only certain to cause a slippery surface in hot 
weather but is also likely to cause the surface to be 


unstable and to creep or shove and to form ruts 
under the action of traffic. The use of certain emul- 
sions or cutbacks of the slow, medium, or rapid curing 
type appear to cover the aggregate in thinner and 
stronger films than if straight oil asphalts or asphalt 
cements are used. These thin films wear off faster, 
especially on hard, non-absorptive aggregate, than 
the thicker films obtained in the use of the heavier 
oil asphalts, and therefore emulsions and cut-backs 
can be expected to develop a higher skid-resistance 
than oil asphalts and asphalt cements. 

Various trips by the writer during the past two 
years, covering about 6,000 miles of bituminous sur- 
faces in both the Eastern and Western States, re- 
vealed that the application of a plain seal coat on 
some of the bituminous surfaces was the most com- 
mon cause of the slippery condition observed cn pos- 
sibly 1,000 miles of road, and that the surfaces which 
appeared to be non-skid were constructed without 
seal coats or with seal coats liberally covered with 
crushed rock chips and clean screenings. The use of 
a dense graded mix or of fine graded aggregate for 
cover material seemed to provide the water-tightness 
which is necessary in regions where freezing and 
thawing may cause disintegration of surfaces not so 
protected. Where seal coats are used to provide a 
watertight, non-skid, wear-resistant surface, the sur- 
vey referred to above revealed that the application of 
0.2 gallon per square yard of a cutback asphalt or a 
quick-setting emulsion was immediately followed by 
spreading 35 pounds per square yard of aggregate 
three-eighths inch to 40-mesh size with a mechanical 
spreader. The aggregate was brushed evenly over 
the surface and rolled with a three-wheel 10-ton 
roller. In the city of St. Louis, 1,800,000 square yards 
of anti-skid surfacing has been placed. A large part 
of this work was done at intersections and at each 
approach 150 feet back from the intersection. The 
director of streets, Mr. McDevitt, reports that acci- 
dents at intersections so treated have been reduced 
approximately 50 per cent. 

Bituminous surfaces which are glazed over with 
excess asphalt and which are known to be slippery 
may be improved by scarifying the surface and by 
applying screenings or rock chips uniformly over the 
surface, which is heated either by the sun or by a 
heater, honing or planing it with a blade, and finally 
rolling the surface with a moderately heavy roller. 
Another possibility is that of cutting back the excess 
asphalt with a volatile solvent, such as kerosene or a 
fuel-oil distillate, then applying gritty cover material 
to blot up the excess binder and again rolling it. 
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While limestone dust and powdered asphalt are very 
effective in drying an oily surface or in blotting up 
the excess asphalt and in stabilizing the surface, 
they lack the grittiness which sand or the coarser 
screenings and rock chips can give the surface to 
make it highly skid-resistant. The limestone screen- 
ings, or rock dust, or powdered asphalt should only 
be used in combination with the abrasive aggregate 
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required to make the surface non-skid. If a large ex- 
cess of asphalt is present, greater effort is necessary 
to blot up this excess by using rock dust and 
powdered asphalt. As stated previously, the use of 
large stones will develop a surface with a rough- 
knobby finish which, on a glazed asphalt, is not as 
permanent and as satisfactory as the treatment pro- 
viding a gritty sandpaper finish. 


Miscellaneous Types 


Certain surfaces, such as wood plank, smooth steel 
traffic plates, and ordinary asphalt plank, were found 
by test to be as slippery when wet as icy surfaces. 
These materials are generally used on bridge floors, 
where skidding accidents are far more dangerous be- 
cause of the restricted roadway. They are so slip- 
pery that they should not be used under any condi- 
tions on our highways unless they are provided with 
some type of gritty surface finish. The wood plank 
may be covered with a bituminous treatment 2nd the 
use of suitable stone cover material. The stee! traf- 


fic plates should have a stud or grid design provid- 
ing sharp edges which will grip the tire and prevent 
skidding. The surface of the ordinary asphalt plank 
should be covered with sharp, gritty aggregate which 
may be rolled or pressed into the plank to form a 
rough-textured gritty finish. 


Unstabilized Surfaces 


Crushed stone, or macadam surfaces can provide a 
uniformly high resistance to skidding in the wet or 
dry condition, provided the surface is firm and rea- 
sonably free from loose material. Loose rock particles 
act as ball bearings under the tires, causing varia- 
tions in the skidding resistance which makes it dif- 
ficult to steer and is, therefore, responsible for many 
accidents. These surfaces should be stabilized with 
clay or oil or with a similar type of binder which will 
prevent the loose condition. The loose condition 
creates another serious hazard—the dust hazard, 
which interferes with visibility. It also increases the 
cost of transportation in the form of increased fuel, 
tire, car repair costs, and road maintenance costs to 
more than justify the cost of stabilizing the surface. 
Engineers and road officials should realize that un- 
treated surfaces are expensive, dangerous, and take 
much of the pleasure out of driving for the present- 
day motorist. 
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Ice Surfaces 


The results of tests on mud-, snow-, and _ ice- 
covered surfaces clearly indicated that they consti- 
tute the most uniformly hazardous road conditions 
which the motorist is likely to encounter. Ice and 
sleet were found to be particularly slippery, provid- 
ing a frictional resistance only about one-tenth as 
great as that provided by a dry concrete surface. A 
driver venturing out on a freshly formed icy surface 
with a car not equipped with tire chains is inviting 
all kinds of trouble. The crown of the average city 
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street introduces enough slope to cause the car to 
slide into the curb unless the driver can straddle the 
crown line. The car cannot climb a long grade 
steeper than 3 or 4 per cent, and will be very likely 
to slide down, completely out of control, on grades 
steeper than 5 per cent. The seriousness of the snow 
and ice problems as related to skidding is indicated 
by the fact that about 80 per cent of all skidding ac- 
cidents in Iowa, for example, were found to occur in 
the four winter months. The correction of this slip- 
pery condition is clearly a maintenance problem and 
demands prompt attention, if it is to be effective. 

Ice forms at temperatures close to the freezing 
temperature and if sand or cinders or screenings are 
applied on the surface promptly at this time, they 
will be embedded in the ice, thereby raising its fric- 
tional resistance three or four times that which it 
can provide without such treatment. If the applica- 
tion of the abrasive material is postponed until much 
lower temperatures prevail, it will not be imbedded 
into the ice, and the wind and traffic will whip it off 
the road. If the stock piles of the abrasive material 
are treated with a solution of calcium or sodium 
chloride, using 50 pounds of the chloride per cubic 
yard, imbedding of the material so treated may be 
accomplished at temperatures considerably below 
freezing. 

Snow Surfaces 


Snow, especially dry snow, has two to three times 
the skid-resistance obtainable on ice. However, the 
transition from snow to ice may be made so easily 
that the driver has no assurance that the snowy sur- 
face is free from ice. For this reason, maintenance 
men should lose no time in removing the snow from 
the pavement or in applying abrasive material at all 
intersections, on hills, and on curves as soon as the 
snow becomes packed. Traffic will assist in the im- 
bedding process, and if the temperature is close to 
the freezing point where the snow is likely to change 
to ice in the traffic lanes, the prompt application of 
the material before this transition takes place will 
make its imbedding into the surface more satisfac- 
tory. Dark abrasives are imbedded more readily 
when the sun shines than the lighter colored abra- 
sives, because they absorb the heat of the sun. Scrap- 
ing the dry packed frozen snow from the pavement 
is frequently possible, and this is a very effective 
treatment. With the increased travel during the 
winter and the increased demand for all-weather 
highway transportation service which is evident to- 
day, maintenance engineers must plan to act 
promptly to meet the emergency slippery road con- 
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ditions created by ice and snow, if skidding accidents 
from this source are to be eliminated. 


Mud on Road Surfaces 


A skidding menace which is the cause of many ac- 
cidents on rural pavements is the presence of mud 


FIGURE 6 


A TypicaL Non-Skip SuRFACE FINISH AS DEVELOPED BY THE 
CALIFORNIA HIGHWAY DEPARTMENT. THE USE OF SCREEN- 
INGS OF THIS SIZE MAKES AN EFFECTIVE NON-SKID COVER 
Wits MateriaL Wuicu Wit Not Kickep Out Reap- 
ILy BY TRAFFIC. 


on pavements. The mud is either splashed on the 
pavement from the shoulder when a car runs into 
the rut which frequently forms adjacent to the pave- 
ment, or when the car runs out on the shoulder, or it 
is tracked onto the pavement from muddy side roads, 
farm drives, or field entrances. On important roads, 
the writer recommends that the shoulders of these 
roads be surfaced with gravel, cinders, or crushed 
rock for a width of 8 or 10 feet. Not only would the 
mud hazard be eliminated in this way, but shoulders 
could then be used to good advantage as traffic lanes 
when ice or sleet is forming on the pavement. The 
tracking of mud onto the road at intersections can be 
prevented by surfacing all these approaches with 
gravel, sand, or crushed stone for a distance of 50 or 
more feet from the pavement. 

In the questionnaire sent out by the writer for the 
Safe Roadways Committee of the American Road 
Builders’ Association to all State highway depart- 
ments and 90 city street departments, one of the 
questions called for a statement in regard to the 
mileage of roads and streets under their jurisdiction 
which each department considered to be safe from 
the hazard of skidding. The answers to this question 
were generally indefinite, because the engineers had 
no factual basis for giving a definite answer. The 
only way by which the slipperiness of a road sur- 

(Continued on page 26) 
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What Lies Ahead for Business 


By H. GORDON HAYES 


Professor of Economics, Ohio State University, 
Columbus, Ohio 


AM mindful as I think 

of this problem, of the 
problem that has faced the 
human race since we first 
climbed down out of the 
trees, and that is the prob- 
lem of the future. You will 
recall the Biblical stories of 
the dreams, and particu- 
larly, of course, of Joseph 
who interpreted the dreams 
and who saw seven fat 
years and then seven lean 
years ahead of Pharaoh. 
And then of course all through history we had the as- 
trologers, the crystal gazers, and the tea-leaf coun- 
ters, and I understand that in these United States 
today there is a very thriving business in this matter 
of forecasting the future. If some of the statistics are 
to be believed—and I hope they are not—we would 
expect that out of a group of business men such as 
this, there would be some who would from time to 
time feel that it was worth while to put a little 
money on the barrel head in order to have someone 
tell them what was around the corner. 

I recall the summer of 1930—and I have a special 
way of dating that which I don’t need to go into 
here—and I recall that Colonel Leonard Ayres of 
Cleveland, with his Cleveland Trust Company Bul- 
letin which he gets out on the 15th of each month, 
and which some of you undoubtedly read, stated in 
the August issue of 1930 that the depression was over, 
and he proved it by the fact that all his various 
curves had a little turn-up to them in August as com- 
pared with the previous month. 

Well, he wasn’t right about that, and I recall 
hearing one of my good friends and former teachers 
make a speech to a bond club in Columbus in the 
summer of 1931, and he said at that time that we 
were out of the woods and he anticipated that the 
Federal Reserve Index would rise by five to seven 
points within the next two or three months. The 
Federal index, the index of mining and manufactur- 


1 Presented at the Twenty-Second Annual Convention of the 
National Crushed Stone Association held at the Netherland Plaza 
Hotel, Cincinnati, Ohio, January 30, 31 and February 1, 1939. 


e To what extent the business cycle will con- 
tinue on the up-swing is, according to Prof. 
Hayes, dependent upon a number of factors, 
some favorable, others unfavorable. Prof. 
Hayes has keenly analyzed the various elements 
of the present economic situation and his con- 
clusions should prove of unusual interest. 


ing production, was then at 86, and within three 
months it was at 76. It went down ten points in- 
stead of rising some six or seven as he anticipated. 

And then of course we have also the recent experi- 
ence of ’36 and the early part of 37, when so many 
folks thought we were headed for permanently 
good times, instead we got this recession or depres- 
sion which began in August of 1937, in which busi- 
ness fell more quickly and more sharply than it ever 
had in our history. In some fifteen weeks the busi- 
ness indexes fell off as much as they had fallen off in 
fifteen months beginning with the latter part of 
1929. 

And so I suggest that out of my experience, gentle- 
men, I must be pretty cautious in regard to attempt- 
ing to foretell the future, and if that is the package 
of goods that you all wanted me to sell, we just 
ought to quit right now and I would submit this 
sample that I have given to you and then we might 
turn to some other line of business. 

What we might do, I think, gentlemen, is to note 
certain favorable factors that it seems to me lie 
ahead, and also certain unfavorable factors, and then 
after I have finished with that, I want to say some- 
thing about the twentieth century as compared with 
the nineteenth century, and you are going to find that 
interesting. 

In regard to the favorable situations, I will call 
your attention to the banking situation which I 
think is in very sound condition. Certainly the situ- 
ation is altogether different from what it was in ’30, 
31 and ’32. Here we have the member banks of the 
Federal Reserve System with something more than 
three billion dollars of excess reserves with the 
twelve Federal Reserve Banks, and you know that 
that means that the banks of the country could in- 
crease their deposits through increasing loans by 
something like ten times. That is, that gives a pos- 
sible expansion in our banking business of some 
thirty billion dollars, if the banks should all begin 
to do it at about the same time. 


| 
| 


March-April, 1939 


THE CRUSHED STONE JOURNAL II 


If anybody wants gold as a basis for banking ex- 
pansion, we have certainly got that, because we have 
some fourteen and two-thirds billion dollars of gold, 
most of it buried down to the south of us here. Dur- 
ing this year we have gotien into this country some- 
thing like one and a half billion dollars of this heavy 
yellow metal. 

Furthermore, we have deposit insurance of the 
banks and that in itself, I think, is a very fine safety 
factor by way of delaying runs upon banks such as 
we experienced in the latter part of ’32 and the early 
part of 1933. 

Then I take it from what little I can find out about 
it that the inventory situation is better than it has 
been at some times. Inventories are down some- 
what. Department store inventories are down some- 
thing like ten points, from 86 to 76 on the basis of 
1923, ’24 and. ’25, from November ’37 to November 
38, and that is undoubtedly a favorable sign. 

Furthermore, we are told in all the papers that 
there is a good year ahead so far as building is con- 
cerned. Of course, almost all persons who have any- 
thing to say about the future are very optimistic 
about it, and folks do seem to be optimistic about 
the building business, as of course they have been op- 
timistic in the past several years about the building 
business. But at the present time the indexes for 
building are considerably higher than they were last 
year at this time, and considerably higher than many 
of the indexes have been at any time since ’32. 

So far as public construction is concerned, there 
was more of that in the last quarter of last year than 
at any preceding time in our history. You possibly 
recall that building of residences almost disappeared 
during the deepest days of the depression. In the 
early part of 1933 the January, February and March 
index stood at 8 on the basis of 1923, ’24 and ’25 being 
100, and from 8 it rose to 54 a year ago November, 
and to some 76 this past November, those figures 
being adjusted for seasonal variation. 

In the third place, it seems to me that when we 
notice what happened in general during the fourth 
quarter of this past year, we find considerable ground 
for encouragement. Take, for example, automobiles. 
During the first nine months of the year we produced 
fewer automobiles than any other year since 1929, 
with the exception of 1932, and then during the last 
three months of the year we produced approximately 
as many automobiles as we have ever done during 
those last three months of the year. Of course, we 
produced more than we used to produce even in good 
years because of the change with respect to the com- 


ing out of the new models, but we did as well as in 
the preceding two or three years since this change 
has been made. 

Then if we look at the index of industrial produc- 
tion of the Federal Reserve Board we will find that 
last May it stood at 76, and in November at 103, and 
in December it was still a little higher, and that, 
gentlemen, is a very big increase. It means an in- 
crease of one-third. From 75 to 100 would be one- 
third. It means a little more than one-third. 

When we look at the matter of income payments 
which are figured by the Department of Commerce, 
we find that the income payments, that is the wages, 
dividends, etc., that folks receive, were better in the 
latter part of this year than they have been at any 
time during the year, and that, too, is adjusted for 
seasonal variation. Indeed, December was the best 
month of the year, adjusted for seasonal variation, on 
the basis of income payments. 

Now I am running into stormy weather, but it 
seems to me, too, that so far as political factors are 
concerned, there ought to be more promise so far as 
the business outlook is concerned. I understand that 
not all of you folks are enthusiastic supporters of 
President Roosevelt. Some of you are not. As I 
understand it, President Roosevelt feels that his re- 
form program is ended for the present, anyway, and 
that should induce a generally better feeling so far 
as business is concerned. Furthermore, as I under- 
stand it, there isn’t contemplated that there should 
be an increase in taxation, and of course that also 
would commonly, I take it, be regarded by business 
men as a not unfavorable factor. 

In the last place—and I must come back to this 
again later—it seems to me that we can rather con- 
fidently expect that for the next quarter, or during 
this entire next year government spending will con- 
tinue at a pretty high rate, and I list that now, 
gentlemen, as a favorable factor rather than as an 
unfavorable factor. When some of you think about 
the public roads program, possibly you are not down- 
hearted to think that government expenditures may 
continue in the road business. 

I have suggested several things which I think are 
favorable in respect to the immediate business out- 
look. On the other hand, as we professors always 
say, I want to consider some of the unfavorable 
factors, and one of these unfavorable factors is the 
matter of capital investment. There doesn’t seem 
to be much promise ahead for big capital invest- 
ments. We have the money, we have the banks with 
these three billion dollars of excess reserves to which 
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I called attention a while ago, we have a lot of idle 
money, and if we could get under way a big capital 
building program it undoubtedly would be one of the 
finest things that could happen to business, but now 
for reasons which I shall develop a little more fully 
later, it seems to me that we can’t expect a great 
deal in respect to this particular phase of our general 
economy. 

In the second place, we have the matter of the rail- 
ways, and I should say that the condition in which 
the railways find themselves is an unfavorable factor. 
The railways are short of equipment. They would 
do well to have improvements in cars, in engines 
and in track, but they are in a very bad shape finan- 
cially. Out of some $24,000,000,000 of capitalization, 
we find railway debts of some $14,000,000,000. They 
are all loaded down to the gunwhales with debt and 
they find it difficult to borrow money with which to 
go ahead. 

Furthermore, they find themselves being subjected 
to very keen competition with trucks and with pipe- 
lines, and with automobiles generally in respect to 
passenger traffic, and they seem to feel that the thing 
to do whenever they find traffic falling off is to raise 
their rates. It would seem to me that if a fellow is 
finding it difficult to sell the thing he has to sell, he 
might find it advisable to cut prices rather than raise 
them. If we could do something about the railway 
business, that undoubtedly would help us in the mat- 
ter of our general economy. 

In the matter of the building program which I 
listed as a favorable factor, there is an unfavorable 
aspect of that, and that is a high building cost. The 
Bureau of Labor Statistics in the Department of 
Labor at Washington shows for the most recent 
months that I have seen, an index for building ma- 
terials prices wholesale of 89 on the basis of 100 for 
1926, and the index for all the commodities in this 
index is only 77, and within that building material 
index steel, for example, stands at 107. 

Now whatever the cause of it, and however justi- 
fiable it may be to have those prices, I don’t think 
there is any question that having those prices tends 
to delay the building expansions that we otherwise 
might have. 

There is another very important thing, and that 
is the matter of population. The American people 
have long experienced a very rapid increase in popu- 
lation, but that increase in population is almost over. 
The population is still increasing, but it is increasing 
at a very decidely decreasing rate and it will not 
be very long until the population, according to 


present trends, will stop growing, and indeed will 
begin to decrease. That undoubtedly poses very 
serious problems for business in the long run. 

The fifth unfavorable factor that I will call to your 
attention is the matter of foreign trade. What we 
need, of course, is to have a great expansion in our 
foreign trade. We need to be back selling something 
more than $5,000,000,000 worth of stuff abroad every 
year, such as we did in the latter part of the 1920’s, 
but now we are selling only about half that much 
stuff. Last year we had a good year so far as the 
export balance was concerned since we had a balance 
of 1.1 billion dollars, that is we sold 1.1 billion dol- 
lars more than we bought; and incidentally, one ex- 
planation of that is the bringing in of something 
more then one billion dollars of gold. That is one 
way in which we got paid for the excess of exports 
which we had. 

The welfare of our agricultural group is very vital 
to business, and they find themselves greatly handi- 
capped as compared with anything in past history be- 
cause of this matter of the closing of foreign mar- 
kets with respect to argicultural produce. You pos- 
sibly have noticed the figures about the wheat crop 
in the world which is something over five billion 
bushels this year, and the four big nations of the 
world that export wheat, United States, Canada, 
Australia and the Argentine, have something more 
than one and a half billion bushels of wheat for ex- 
port. The ungrateful countries to which we wish 
to ship it want to take in only about half of this 
amount which is available for export. 

Incidentally, gentlemen, it is interesting to think 
of the prayers which men have made all through the 
centuries: “O Lord, give us this day our daily 
bread,” and then to find that when the Lord has 
finally answered this prayer, we find that it is a great 
nuisance to us, causing us to bog down into a very 
serious economic situation. There is too, the problem 
of the cotton which we have in such tremendous 
abundance. We have trouble getting the foreign na- 
tions to buy that. 

The various foreign nations with their high pro- 
tective tariffs, as they gird themselves about the 
loins for the war which seems to be somewhere 
in the future, make a very unfavorable condition so 
far as the expansion of our foreign trade is con- 
cerned. Mr. Hull’s trade agreements are working in 
the right direction, but after all, I think this is only 
something of a little drop in the bucket. 

Then, too, of course, one other unfavorable thing is 
the possibility of war. If the gods that be do push us 
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toward a war that means one thing for business as 
compared to what we would have if it were not for 
that. 

If you will keep in mind these so-called favorable 
factors and the so-called unfavorable factors, I want 
to throw some of these against the general back- 
ground of the twentieth century and the nineteenth 
century. One very important point I want to make, 
gentlemen, is that the twentieth century is not the 
nineteenth century; but I also want to make this 
point, that what you and I have in the tops of our 
heads is almost wholly nineteenth century. For me 
to say that, and for you to reflect on it, may be the 
best thing, if there are any good things, about this 
speech of mine this afternoon. 

Here we find ourselves in a new century. What 
do I mean when I say the twentieth century is dif- 
ferent from the nineteenth? I mean that our prob- 
lems, their general background, and the methods 
by which they must be handled are different from 
those of the past century. The nineteenth century 
was marvelous. Think of 1800. What kind of agri- 
cultural methods were we using? We were using 
the kinds that were old in the time of Jesus. 
There had been practically no change in all those 
centuries. How were we making our textile goods? 
Again we were making them by methods that were 
old in the time of Jesus. There had been practically 
no change in all those years. 

Think of George Washington and George Washing- 
ton’s army. What better means of communication 
did he have between his different armies than Julius 
Caesar had? What better wagons did Washington 
have than Caesar? He may have had slightly bet- 
ter wagons, but I guess there is no question but that 
Caesar had better roads than Washington had. Pos- 
sibly, too, the horses in Caesar’s time were as fast 
as the horses in Washington’s time. And of course 
Washington had better guns than Caesar had, we 
had gotten gun powder during that time. The 
changes between that time and 1800 were relatively 
small. 

And then think of the power that we unleashed. 
Think of the steam engine on the rivers and the 
oceans and on the iron rails, think of the telegraph 
and of the telephone and structural steel, and elec- 
tricity and the street car and the interurban, plate 
glass—tremendous, tremendous! The only thing I 
can think of that we were already wise enough to 
provide ourselves with in 1800 is crushed stone. We 
already had that, and of course a great advance was 
made when man caught onto that. 
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In the nineteenth century, then, we had this tre- 
mendous expansion. During one of the decades here 
in this country we built 75,000 miles of railroads; 
enough track to go around the world three times in 
ten years! 

And then what happened to population? Popu- 
lation doubled from 1800 to 1900. In all the years 
of human life on this continent the population of the 
world had been finally gotten up to something less 
than a billion in 1800, and then in the short space 
of 100 years we added as many more people as had 
been added in all of the time up until 1800. If 
you take 150 years in there, we tripled it. That is 
amazing, thoroughly amazing. 

Also, of course, during the nineteenth century we 
had what I like to call the free market. That doesn’t 
mean that things were free. It means that buying 
and selling were free. We had hardly anything 
in the way of price controls; we didn’t have a wage 
and hour bill such as you fellows were wrestling 
with this morning; prices were set in open com- 
petitive markets; we didn’t have public utilities and 
public utility regulations; we didn’t have govern- 
ment control of this and government control of that. 
We had a free market. 

Now where are we, gentlemen, in this decade, the 
fourth decade of the twentieth century? Do we have 
ahead of us another great capital building spurt? Is 
there something on the landscape, something around 
the corner that none of us can see that is comparable 
to the automobile from 1900 on to the present time, 
with all of the work which was occasioned as the 
result of that? I don’t know, and I always keep re- 
minding myself that in the middle 1870’s a lot of 
people thought we had reached the end. They 
thought we had finished the great capital building 
developments, but we hadn’t. I don’t know what 
is ahead of us but it looks as if we were not faced 
with the tremendous capital expansion that we had 
during the nineteenth century. 

Now that is possibly the reason that we haven’t 
found within the last five and six and ten years very 
much in the way of capital building. We don’t need 
so much in the way of capital building as compared 
with what we needed even some three decades ago. 
Then, of course, with population falling off, we aren’t 
needing to build new schoolhouses as we have needed 
to build new schoolhouses all through our history in 
the past. And we are not needing to build new 
homes in the cities, nor more sewers and waterlines 
as compared with other times in our history, because 
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the city populations aren’t growing now like they 
grew in the past. 

Well, what is the significance of that? Again it 
seems to me that it is tremendously significant. And 
why is it significant? Because it means a lack of 
demand for capital building. It means that the 
capital building we are going to have will depend 
upon the inventors and upon the engineers, and not 
upon population increase. This whole matter is con- 
nected with the inequality of income. According to 
the Brookings Institution in Washington, in 1929 
three per cent of the persons in the United States 
who got income got one-third of all the money in- 
come. According to the National Resources Com- 
mittee, in 1935 and ’36, a period of twelve months in 
there, three per cent of the families in the United 
States got 21 per cent of all of the dollar income. 

I feel that if we are going to keep our economic 
system going, the men that get money have got to 
come up and use it. They have got to buy something 
with it. If you have 100 men and if you have $100 
worth of goods put out and if those 100 men are 
given $100, those hundred men have got to use 
their hundred dollars in buying that hundred dollars 
worth of goods. Otherwise, what happens? You 
won’t produce so many goods the next time, will you, 
because you have goods on hand. Whenever you find 
people holding onto their money, when you find them 
leaving it lie idle in checking accounts in the banks, 
then you find business falling. I don’t see any escape 
from this conclusion. 

The more inequality you have, the more likely it is 
that folks will let their money lie idle in the banks. 
That is, this high degree of inequality makes it more 
difficult for the rich person to spend his money 
promptly. That, of course, is the great difference be- 
tween business men and college professors. You 
fellows see that professors like Mr. Moyer and myself 
get so little that we use it quickly, but you fellows 
get so much that it is tough on you to try to find ways 
to use it, and so when you can’t find ways to use it, 
then you just let it lie idle in the bank. The re- 
sult is unemployment. 

Now what about the future? Is there anything 
that this calls to mind and suggests to us? One thing 
is the matter of the program of the government in 
the future. In the past these men who were rich 


could live very poorly, they could live like the monks 
of the Middle Ages, but they could use their money 
in buying another mile of railroad or in buying 
another factory building, that is, in buying bonds 
from somebody who would use the money in con- 


struction. Now if we are somewhat through with this 
capital building program, or until something does 
come along, it seems to me that it is almost neces- 
sary, however much we may dislike it, that we keep 
up a rather liberal program of government spend- 
ing, or possibly we ought to call it government in- 
vestment. That means that we need to build good 
things, of course, and possibly it means that we need 
to set them up so that they will bring in revenue and 
enable us to retire these bonds. 

Further, in regard to this government spending, . 
let me say to you gentlemen that as I read the rec- 
ord—and some of this I know you won’t agree with 
and will think that I am perfectly crazy—the thing 
that gave us the prosperity of ’34 and ’35 and ’36 was 
the big government outlay. The government put out . 
about $3,000,000,000 every year more than it took in. 
Where did it get it? It created it. The banks created 
it. The government didn’t sell you a bond and keep 
you from spending the money and then itself spent 
it. No, that wouldn’t help much. What the govern- 
ment did was to turn those bonds over to the banks 
and the banks made new money of something like 
$3,000,000,000 a year, and as the result of that, we 
had the Federal Reserve index going from 58 in the 
summer of 1932 up to 117 in August, 1937. 

Then what happened? Well, business men—and I 
may say rather frankly business men who think in 
terms of the nineteenth century—said, “See here, 
we have got to balance the budget.” And there are 
some folks in Washington wanting to do that now, I 
understand. So what happened? From the latter 
part of 1936 on the National Government really had 
a balanced budget. It took in as much money as it 
paid out. It stopped creating new money, and then 
what happened? We had the decline that began in 
1937, and it was very sharp. 

What have we done since the first of 1938? Well, 
the government has been spending money again and 
the debt is now approximately $40,000,000,000. I 
think that is too bad, It seems to me that the debt 
ought not to be so big, but keep this in mind, gentle- 
men. If we can by a program of government spend- 
ing increase national income from a little more than 
$60,000,000,000 where it is now back to eighty where 
it was in 1929, if we can raise it to one hundred 
where it ought to be in all conscience in relation to 
where it was in 1929, then with the present taxes we 
have got we will be taking something more than 
$8,000,000,000 into the National Government. When 
(Continued on page 22) 
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Limestone Screenings and Asphalt Emul- 
sion Stabilizer as Used in the Development 
of the Park System in New York City 


By FREDERICK H. GROSS 


Assistant Engineer, Department of Parks, 
New York City 


HE New York City 

Park system comprises 

626 parcels of land covering 

over 21,000 acres, on which 

are constructed parks, play- 
grounds and parkways. 

Four years ago, when 
Park Commissioner Robert 
Moses, took over this sys- 
tem there were one hun- 
dred and nineteen earth 
surfaced playgrounds and 
two hundred and eighty 
parks that were in need of 
modernization and rehabilitation. Today, there are 
three hundred and forty modern recreational centers 
and approximately two hundred of the old parks 
have been completely rehabilitated and modernized, 
and several new parkways have been built. 

The program to rehabilitate these parks, parkways 
and playgrounds necessitated various types of con- 
struction work. The one feature of this program, 
that I wish to speak on and I know will be of interest 
to the crushed stone industry is the type of construc- 
tion finally adopted for building the walks, play- 
grounds, roller skating rinks and tennis court areas. 
Incidentally there might be included in this category 
the 58 miles of bicycle paths that we are about to 
construct. 

There were several hundred miles of walks and 
several thousand acres of recreational areas to be 
constructed in this program. Considerable study was 
given to the type of surface and base to be used for 
this work, not only in regard to the original cost of 
construction and its practicability for playground 
purposes, but also to include the future maintenance 
cost. 

It was decided that the ideal surface would be a 


Presented at the Twenty-Second Annual Convention of the 


National Crushed Stone Association held at the Netherland Plaza 
Hotel, Cincinnati, Ohio, January 30, 31 and February 1, 1939. 


e Producers of crushed stone and highway engi- 
neers also will find the present paper of much 
value for it describes the excellent results 
which have been obtained by the use of a mix- 
ture of limestone screenings and emulsion com- 
pacted in a relatively thin layer and used as a 
foundation course in paths, roads and tennis 
courts. Thousands of square yards of this mix- 
ture have been used in the park system of New 
York City and an excellent market for screen- 
ings seems to be offered. 


cold asphaltic bituminous pavement of a texture 
known as fine asphaltic concrete in which all of the 
stone aggregate passes a 4%” mesh. This top sur- 
face was laid one and one-half (14%) inches when 
rolled and to date approximately 300,000 tons have 
been used as part of the development program. The 
next step was then to select a base that would be 
cheap in construction and permanent in character. 

Steam cinders thoroughly rolled to a depth of six 
(6) inches were considered first, due to their low 
cost. Such a base was not of a permanent character, 
and in a short time the cost of repairs to maintain 
this work would far exceed the saving made in the 
initial constructon, so very little of this type was 
laid. 

Consideration was then given to a cinder concrete 
base. Several mixes were tried varying from 1 part 
of cement and 6 parts of cinders to 1 part of cement 
and 12 parts of cinders. A mix of 1 part of cement 
to 8 parts of cinders was finally selected which was 
laid to a depth of five inches. This cinder concrete 
was laid on a four (4) inch cinder bed. 

For the first two years of the construction program 
this was the typical base used, but several difficul- 
ties were encountered. Often the cinders received 
were not of acceptable quality, and in many cases 
the surface of this base was very rough which caused 
the quantity of cold asphaltic concrete used to be 
far in excess of what should have been required. 
At this point, I wish to bring to your attention, the 
fact that one ton of asphaltic concrete as specified 
by the department should cover thirteen sq. yards 
of surface but with this base we were seldom able 
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to obtain more than eleven sq. yards of area per ton 
of material. Quite frequently the roller rolling the 
top surface of cold asphalt would crush and disin- 
tegrate the cinder concrete base. In many instances 
cracks developed due to the expansion and contrac- 
tion of the material. 

While this work was in progress investigations 


TENNIS Courts TYPICAL OF THOSE BuILT WITH 3 TO 4 INCHES 
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FLOODED IN WINTER FOR Ice SKATING. 


were being conducted with other materials in order 
to obtain a mixture for the base, that would be as 
cheap as cinder concrete and at the same time pro- 
duce better results. 

A pre-mixed bituminous macadam base was tried, 
which was laid to a depth of three (3) inches. The 
bitumen content of this mix was only 34% and the 
stone was mostly of commercial size, %4” and %%”, 
together with a small percentage passing a #40 
mesh. This mix was difficult to work. Often picks 
and pick mattocks had to be used in order to break 
it up. The cost of it was also slightly higher than 
the cinder concrete. Several playgrounds were con- 
structed with this type of base, but its use was dis- 
continued for the additional reason that the program 
was being done in conjunction with the Works Prog- 
ress Administration and on such work (other things 
being equal) labor was preferred to equipment. In 
other words, this type was delivered from asphalt 
plants at a higher cost than other types made on the 
job with W. P. A. labor. 

Experiments were then tried and test sections laid 
with several types of emulsions mixed with various 
aggregates. When these tests were started very little 


information was available on the subject of sta- 
bilized bituminous admixtures. Furthermore, it 
was necessary for us to confine ourselves to aggre- 
gates that could be obtained in the immediate vicin- 
ity of New York and that could be purchased at 
approximately the same cost. 

Sand, gravel, various sizes of stone, cinders, slag, 
limestone screenings, and dolomite screenings were 
available. These aggregates were mixed sometimes 
singly and sometimes in conjunction with each other 
in various proportions, with both weatherproofing 
and stabilized emulsions. In all these cases the same 
amount of Asphalt Emulsion was always used. 

The first mixes were made at an asphalt plant 
where a pug mixer was available, and mixed for a 
period of two (2) minutes. They were then de- 
posited in trucks, hauled five or six miles, dumped 
and spread to a depth of approximately four (4) 
inches. During this haulage test, in several instances 
the emulsion broke completely away from the ma- 
terials, in some cases the aggregate arrived only 
partially covered by the emulsion and in only two 
cases did it arrive in a condition where the aggre- 
gate was thoroughly coated with the emulsion, these 
two being limestone or dolomite screenings when 
mixed with a stabilizer emulsion. These samples 


were all rolled the same day with a 300 lb. water 


DumMpING EMULSION STABILIZED SCREENINGS ON SUBGRADE. 
THERE IS No ADHESION OF THE PARTICLES UNTIL AFTER 
THE WaTER Has Driep Out THE MIXTURE. 


roller. After seven days it was found that the one 
that would be acceptable as a base was the lime- 
stone or dolomite screenings, mixed with a stabilized 
emulsion, the others had all broken apart. 

As previously mentioned, this program was car- 
ried out with the W. P. A. labor and it was therefore 
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more suitable to mix this material at each individual 
job. To hire pugmill mixers was not only costly but 
it was difficult to obtain them. Seven “S” concrete 
mixers were available on the W. P. A. construction 
jobs and the same mixes were again tried as had 
been put through the pugmill. The same results 
were obtained except that in all cases when the 
weatherproof emulsions were used the material all 
balled up in the mixer. 

These experiments proved that a mixture of lime- 
stone or dolomite screenings with a stabilized emul- 
sion would provide the best base for our work. The 
next problem was then to determine, the gradation 
of screenings which would result in the maximum 
density, the correct percentage of stabilized emulsion 
the ideal amount of water to add to the mix and the 
minimum depth that the resulting mixture should 
be placed. These factors were all necessary in order 
to obtain the ideal mix at the cheapest cost. Here 
again we had no previous work of this kind to act as 
a precedent in determining these proportions. How- 
ever, Mr. A. T. Goldbeck, Engineering Director of 
your organization and Mr. C. L. McKesson, Director 
of the American Bitumuls Company had previously 
made extensive laboratory tests with similar mate- 
rials. The data obtained from these experiments 
were considerable aid to us in determining the pro- 


Pato Mabe WITH STABILIZED SCREENINGS TO BE COVERED 
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portions to use. In all our work we have found that 
to obtain the best mixture it is necessary that the 
screenings have a sufficient amount of fines passing a 
200 mesh sieve and that a sufficient amount of the 
proper quality of emulsified asphalt stabilizer be 
used. 

The quarries adjacent to New York City had sev- 


eral natural gradations of screenings available. 
There were two types of the following gradations 
that were used; one being a red limestone screening 
of which 100% passes a % inch screen, 20% to 40% 
passes a 20 mesh, and 5% to 15% passes a #200 mesh; 
the other was a white limestone screening of which 
100% passes a #4 mesh, 40% to 60% passes a #20 


A Larce EXpPANSE OF STABILIZED EMULSION SCREENINGS 
Base Uron WHICH A WEARING SURFACE WILL LATER BE 
PLACED. 


mesh, 25% to 40% passes a #100 mesh, and 15% to 
25% passes a #200 mesh. It was found that either 
of these gradations was suitable for this type of 
base, but the department preferred the red limestone 
screenings, the white producing too smooth a sur- 
face finish. These were mixed with several types of 
emulsion stabilizer in the proportions of 0.4 gallons, 
¥% gallon and 2/3 gallons per cubic foot of material. 
Water was added varying from %4 gallon to *%4 gallon 
per cubic foot of material, depending upon the mois- 
ture of the screenings. The mixes were laid to a 
depth of three, four and five inches when rolled. 

The results of these tests showed (1) a depth of 
four inches loose or three inches when rolled 
was the ideal thickness for the base (2) sixteen 
gallons of asphalt emulsion stabilizer per cubic yard 
of screenings, together with approximately six gal- 
lons of water produced the best mixture and (3) 
limestone screenings of the following gradation 
100% passing a “4%” screen, 20% to 40% passing a 
#20 mesh, 5% to 15% passing a +200 mesh produced 
a mixture of suitable density. 

The specifications adopted for laying this base are 
as follows: 

After the subgrade is thoroughly rolled and com- 
pacted a base should be laid, consisting of limestone 
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screenings and an asphalt stabilizer four inches 
loose, then rolled and compacted: 

The limestone screenings shall be placed in a con- 
crete or pugmill mixer then add the stabilized emul- 
sion at the rate of 16 gallons per cubic yard of lime- 
stone screenings with sufficient water so that the 


ASPHALT BLocK WEARING SuRFACE LaIp ON EMULSION 
STABILIZED STONE SCREENINGS 


mixture will come up and quake when deposited in 
place, but not enough to cause it to flow. The time 
of mixing shall not be less than one minute. 

After the emulsion and limestone screenings have 
been thoroughly mixed they shall be spread upon 
the compacted foundation and then screeded off to 
thickness of 4”. As soon as the emulsion and screen- 
ings have set up they shall be rolled with a hand 
roller. The time required before the hand rolling 
shall take place depends entirely upon the temper- 
ature and will have to be determined on the job. In 
hot weather the hand rolling can be done in about 
2 to 3 hours, after the spreading but in cooler weather 
it may be necessary to wait longer. Approximately 
24 hours after the base has been laid it may be rolled 
again this time using either a 2% or 5 ton tandem 
roller with water attachment. Again the tempera- 
ture is the governing factor, as on a hot day it will 
stand rolling with a 5 ton roller 24 hours after being 
laid, whereas on a cool day a 2% ton roller should 
be applied 24 hours after laying and then the 5 ton 
roller the following day. 

The only objection to this type of base is the diffi- 
culty encountered while laying it during the cold 
winter months. The asphalt emulsion freezes when 


left in the open and any mix made under a tempera- 
ture of 32° F. does not set and will not set until 
the water has evaporated. 

To overcome this difficulty, experiments were 
made with a vacuum processed machine. This ma- 
chine successfully extracted the water out of the 
mixture in the area laid and within one hour after 
being put down, it was rolled by a 1% ton roller. 
Furthermore, there was no asphalt extracted, the 
water being very clear. During this process the 
mixture was also compacted, as the roller produced 
very little additional compaction. Up to the pres- 
ent time there are no signs of any damage being 
done to the base through this operation. 

With the aid of this machine, work of this type can 
be carried on during the winter months, at an addi- 
tional cost, the price varying between $.06 and $.10 
per square yard, depending upon the amount of 
work done. The cost of the materials to lay this 
base to a depth of three (3) inches when rolled is 
thirty-six ($0.36) cents per sq. yard or twelve 
($0.12) cents per inch of depth per sq. yd. 

There were several places where this base was 
subjected to heavy truck loads for a period of sev- 
eral months. These trucks were loaded with sand, 
cement, stone, lumber and asphalt and weighed be- 
tween 15 and 20 tons. 

Since the base did not fail under these loads, it was 
decided to use the same depth as a base for a 600 


ft. long service road leading to one of our garages. 


This road surfaced with 1%” of Fine Asphaltic 
Concrete, was constructed over a year ago and is 
in excellent condition today. 

The department, during the past year, awarded 
several contracts that included thousands of yards 
of this base. The contractors supplied the mix either 
through 1 yard paving mixers mixed on the site of 
the work or through Transit Mix Machines trans- 
porting the mix from a central storage plant. Both 
of those methods proved successful and the cost of 
furnishing and laying this base, 4 inches deep, was 
less than $0.70 per sq. yard. 

The excellent results obtained by the Park De- 
partment during the past four years with the sta- 
bilized aggregate base lead me to believe that a 
better, more stable and longer lived road can be 
built for less money than we have, in the past, been 
obliged to pay for roads of lesser quality. 
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Future Highway Development as Related 
to the Crushed Stone Industry 


By MERTON R. KEEFE 


Chief Engineer, State Highway Commission of 
Indiana, Indianapolis, Indiana 


HIS paper must neces- 
sarily express only the 
views of one person con- 
nected with the State High- 
way Department of Indiana 
and is predicated on the 
conditions that are found in 
that one state. 

The Highway System of 
Indiana comprises 10,000 
miles of road of which 4200 
are concrete, 4600 are bitu- 
minous type and 1200 traf- 
fic bound and other types. 

Many miles of our system are badly in need of 
widening and resurfacing to care adequately for the 
traffic which is using these roads, as well as to reduce 
the resulting high maintenance costs from poor sur- 
faces. When highway departments were established 
in the different states and intensive promotion of 
good roads began, many of the roads were built to 
widths as low as sixteen feet. No one foresaw the 
growth of the automobiles use nor could any engi- 
neer in highway work at that time have forecast the 
development of automotive transportation from the 
Model T with its twenty-five mile speed to the pres- 
ent day car with its one hundred mile speed or the 
one ton truck to the twenty ton truck and trailer of 
today. 

Obsolescence has come to our roads practically 
over night. When we started building roads eighteen 
feet in width with five foot shoulders, all the high- 
way engineers felt they were building the last word 
in highways. Fully eighty-five per cent of the High- 
way System of Indiana have traveling surfaces of 
eighteen feet or less and accident rates on these high- 
ways with the increased traffic and speeds make us 
wonder what we are going to do to modernize these 
roads so that the traffic can move in an orderly and 
safe manner. For speed, we must consider in our de- 
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e The State of Indiana in common with other 
States is faced with the problem of bringing its 
highway system up to a physical condition 
which will make it adequate for carrying with 
safety and economy a rapidly expanding and 
ever growing traffic. Obsolescence and high 
maintenance costs of highways must be over- 
come. Mr. Keefe shows how he is solving the 
highway problems in his State by making in- 
telligent use of research. 


signs on new construction as well as reconstruction — 
of these highways. It is here to stay and must be 
one of our serious considerations. 

What to do with this eighty-five per cent of our 
road mileage is a serious problem. There are certain 
interests who would have you tear up and throw 
away a large part of this mileage and rebuild it with 
22 foot wide traveling surfaces. These interests for- 
get the costs to the state and show little foresight or 
rather ignore the financial situation in which the 
state finds itself. 

We have at present approximately 1500 miles of 
eighteen foot roads carrying daily traffic of 2000 or 
more, 20 to 30 per cent of which are trucks. Shall 
we tear up and throw them away or reconstruct them 
using the present traveling surface as a foundation 
for another wearing surface? To junk these roads 
and rebuild them would cost our state approximately 
$50,000,000. This we cannot afford to do. The foun- 
dation value of a road which has been in service for 
ten or twelve years is invaluable. We cannot build 
one as good, try as we may. 

This mileage of roads must be widened to 22 feet 
by the use of waterbound base courses or black base 
courses, preferably plant mix and the full new width 
treated with a leveling course and new wearing sur- 
face. I am convinced by our own experience that 
the small additional cost of plant mix over road 
mixes or mixed in place will pay good dividends in 
Indiana. Prices have, at times, been too high on 
plant mix but if a policy was well established of 
using it rather than mixed in place these prices we 
feel would come within the ranges of economy. 

The highway engineer has, through experience, 
developed the fact that a two lane road of adequate 
width should carry up to 5,000 vehicles per day, 15 
to 20 per cent of which traffic may be trucks. 
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Based on these figures, the Bureau of Public Roads 
estimates that not more than five per cent of the road 
mileage of the United States need ever be more than 
an adequate two lane road. In our state it is very 
doubtful if traffic development will require even this 
amount of three or four lane roads. Therefore, we 
must look to the widening and resurfacing of the 
eighteen foot roads in our state. Our accident rec- 
ords show that our road widths are a serious hazard 
and must receive our close consideration. Try as 
they may our maintenance department is unable 
to maintain the shoulders adjacent to the pavement 
edges on account of the suction of dual tires on 
trucks and buses which necessarily must have a part 


of the outside tire overhang the pavement edge when’ 


passing other vehicles. 

The maintenance department had for several years 
previous to 1936 contended that the use of 100 per 
cent crushed material for surface treatment work 
would help solve the surface treatment costs with 
which this department had to contend. Pressure on 
the commission by some interests prevented the 
adoption of a specification beyond requiring 35 per 
cent of crushed material. After a year’s application 
of this specification we went to one requiring 100 per 
cent crushed material for surface treating aggregate 
and required that each piece of the material must 
show at least two broken faces. 

Since the adoption of this 100 per cent crushed 
specification we are getting better cohesion of aggre- 
gates in this type of surface, as well as getting a more 
non skid surface and less raveling. Where five years 
ago our highway system was plastered with “Slip- 
pery when wet” signs, few today remain and we feel 
that an indefensible condition has been eliminated. 

In 1936 our Highway Commission joined Purdue 
University in establishing a research department at 
the university which is administered by an Advisory 
Board composed of eight members, four from the 
university and four from the State Highway Com- 
mission. 

One of the first problems studied was the surface 
treating work which was being done on our state 
highways. Surface samples were taken from’ the 
pavement at the time surface treating was done and 
periodically thereafter and much valuable informa- 
tion has already been developed on stripping of 
bituminous material from the different type aggre- 
gates used as well as degradation of the aggregates 
under the roller and under traffic. 

Coating of aggregates by dipping and drainage 
method was first studied in the wash tests and they 


are now engaged in another series of tests, coating 
the aggregates in a pug mill reproducing plant mix 
conditions. Similar wash tests for adhesion of bitu- 
men to aggregates are being run on the pug mill 
samples. 

Adhesion of the bitumen to aggregate is only one 
of the phases being studied on the surface treating 
problem. Cohesion studies of the bituminous coated 
aggregates is now under way and we hope to develop 
information by our wash tests and cohesion tests that 
will be of great value in the use of this class of 
bituminous surfaces. 

Further studies being conducted at Purdue Uni- 
versity will be touched on later. 

Since the beginning of development of the State 
Highway System, the roads have been built without 
much thought being given to the foundation or sub- 
grade conditions. Only within the last few years has 
the highway engineer begun to give serious thought 
to the load carrying properties of the subgrade. This 
was first brought about by the curling at joints of 
concrete pavements. Investigation to determine the 
causes for such curling developed the need for sub- 
grade stabilization. Only in the last five years have 
we established a soils department in our organization 
and even up to this time we have done very little to 
improve subgrade conditions. It has been a difficult 
matter to convince our commission that the added 
expense of subgrade treatment will pay dividends in 
the added life given to all types of pavement. 

To contribute more practical knowledge to stabili- 
zation of subgrades and cheap type surface courses 
on county roads which may also be used as base 
courses on low traffic roads of the state system, we 
have built at Purdue University two test roads. 

The first of these roads was built in the summer of 
1937 and is now going through its second winter of 
observation. Daily observations are made on heav- 
ing of the ten different types of stabilized sections, 
moisture content is taken at fixed intervals as well 
as a daily temperature record kept. This test section 
was built ten feet in width and the first winter’s ob- 
servations were made with half the width of the 
stabilized sections covered with two inches of loose 
gravel, while the other half had no covering. 

The second test section was built in the summer of 
1938 and consists of twelve test sections, 20 feet wide 
and each 50 feet long. The road was graded and 
drained to a standard roadway width of 36 feet, the 
subgrade being of clay. 

The first two sections are cement soil stabilized, 
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using different percentages of cement in each of the 
two sections. 

The next two sections are aggregate clay mixture 
stabilized with Na.Cl. and Ca.Cl. 

Four sections are clay, aggregate, stabilized with 
variable proportions of soil while the remaining four 
are aggregate, clay bituminous stabilized sections. 

These sections were selected after the previous 
year’s experience on the first test road and were built 
and are being studied as base courses, which might 
also serve as a cheap low cost county road. 

Truck traffic was run over all the sections this last 
fall and records of wear and performance were care- 
fully noted. Winter observations on temperature, 
heaving and moisture were taken daily up to the 
present time. : 

In the laboratory freezing and thawing tests are 
being carried out on compacted cylinders of materials 
mixed in the same proportions as the field test road 
sections. 

This research should develop much information as 
to economical subgrade treatments as well as fur- 
nishing information as to traffic loads these sections 
will carry. 

All this research work should be of benefit to this 
aggregate producers group. 

When some five years ago our specifications were 
changed to require the use of divided aggregates in 
concrete work, we were able to drop our cement con- 
tent so that an appreciable saving was effected. In 
some parts of Indiana the gravel producers were un- 
able to furnish the upper limit sizes which benefited 
the crushed stone producers who were called upon 
for these sizes. This change in specifications mate- 
rially benefited the state in the costs of rigid pave- 
ments, although we found our beam strengths and 
compressive strengths equal to or higher than before. 

The secondary or farm to market program initiated 
by the grants from the Federal Government two 
years ago has broadened the field for crushed mate- 
rial in road construction by the state highway 
department. 

In our state the Highway Commission is match- 
ing the Federal Funds for the counties since our 
County Highway Departments are unable to finan- 
cially take advantage of these grants. The type of 
road being built is naturally slightly higher than 
county standards as the commission engineers design 
with a view of maintenance costs so that the counties 
will not be burdened with too much of a maintenance 
load. 

Our 1938 farm to market road construction pro- 


gram is practically all under contract and we are 
much encouraged by the fact that some of our con- 
tracts have been let for waterbound roads as cheap 
as for traffic bound surfaces. Naturally most of these 
county roads are low in traffic count and require less 
surface thickness than the roads on the state system. 
A waterbound road with a bituminous seal as a first 
step of stage construction is sufficient to carry the 
traffic offered. 

Although the allotment for farm to market roads 
has been cut by the Federal Government for the fis- 
cal year of 1940 and 1941, we are of the opinion that 
these grants will not be discontinued but rather will 
be increased in future years. There has been intro- 
duced a bill, in the present Congress, to allocate 50 
per cent of all Federal Aid grants to the building of 
farm to market roads, which indicates the broad in- 
terest of our motorist in this class of construction. 

In Indiana we feel that the regulations issued by 
the Bureau of Public Roads for the first farm to mar- 
ket road grants were not adapted to our state, in the 
requirement which specified that the monies allo- 
cated must be spent in 50 per cent of our counties. 
Our State Wide Traffic Survey showed we have 
66,600 miles of county roads and that 76 per cent of 
this mileage had an all weather surface. The other 
24 per cent are still in the mud and it is our feeling 
that a better showing would have resulted by using 
the funds for building roads to farmers, whose chil- 
dren are deprived of school attendance in certain 
months of the year and the families are being left 
without mail delivery and access to their trading 
centers due to impassable road conditions. 

It is our hope that when the regulations are issued 
for the expenditures in the fiscal years of 1940 and 
1941 that such 50 per cent provision will have been 
eliminated. If this is done we will be able to spend 
these funds to the betterment of road conditions for 
those who are forgotten in the mud and your indus- 
try will be benefited in the furnishing of aggregates 
for such construction where no surface now exists. 

Requirement of spreading the work in 50 per cent 
of our counties has resulted in going into counties 
and rebuilding good all weather roads by widening 
shoulders and placing an oil mat on roads carrying 
less than 100 vehicles per day. Expenditure for this 
type of improvement is merely taking the farrner out 
of the dust and not out of the mud. 

The 1937 session of the Indiana State Legislature 
passed a law requiring the State Highway Commis- 
sion to take over the maintenance of all the streets, 
over which state highways are routed in cities of 
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3500 population or more except the streets of the city 
of Indianapolis. The law also required the increase 
of the system by 500 miles before January 1, 1938, 
and a like amount before January 1, 1939. This, 
therefore, increased the highway system mileage 
1,000 miles in two years. 

Already a strong demand is being made by the 
local motorist for the reconstruction of these county 
roads taken in and on account of the high mainte- 
nance costs, construction will have to be undertaken 
as fast as funds can be found to carry out the work. 

A large percentage of these roads have a traffic 
bound stone or gravel surface, which shows an aver- 
age thickness of but three inches which will with- 
stand but little freezing and heaving. In most cases 
the gravel used is dipped material, too fine to with- 
stand much traffic without heavy losses of materials. 

A large part of these roads will require additional 
base courses and bituminous surface courses as soon 
as funds can be found to start this improvement. 

Indiana has constructed during the past three 
years, on secondary roads, approximately fifty miles 
of clay, gravel, chemical, stabilized base courses 
which were covered with bituminous wearing 
surfaces. 

The prices bid for this class of material were prac- 
tically the same as prices bid on other projects for 
waterbound base courses of equal thickness. This 
type of base course has been disappointing in other 
respects and no more designs of this material are 
keing contemplated at this time. 

A large part of the mileage of city streets taken 
into the system are badly in need of attention due 
to the lack of any improvement during the depres- 
sion, and a serious lack of maintenance. Much sur- 
facing with bituminous aggregate mixed is required 
at once. 

I have tried in my foregoing remarks to give you 
a summary of necessary work required to modernize 
our present highway system so that it will meet the 
increased traffic needs and allow you to draw your 
own conclusion as to the future of your industry in 
our state. 

Discussion of construction of divided lane roads 
has been only touched upon but this subject alone 
requires much study and collection of extensive data 
te properly forecast future development along these 
lines. 

Only last week at the Purdue Road School we lis- 
tened to a very fine discourse on highway safety and 
some of the requirements necessary to accomplish 
safe travel on the highways. The speaker stated that 


if in 1910 one had predicted that in 1938 there would 
be thirty-eight million cars on our highways he 
would have been considered a fit person to be put 
away in an asylum for the insane. 

This speaker, who is connected with the automo- 
tive industry, stated that in less than ten years we 
would be driving cars weighing 1800 pounds instead 
of 4000 pounds and these cars will be manufactured 
to sell at approximately half the price we are today 
paying. That thirty-eight million cars is not the 
top limit on car owners, but it will reach to fifty mil- 
lion in that length of time. 

With this increased traffic and lowered accident 
rates, which must be accomplished, more divided lane 
roads will be demanded and modernization of pres- 
ent state highway systems become a necessity. 

The future of the highway industry is assured by 
these requirements. 


What Lies Ahead for Business 

(Continued from page 14) 
we do that we can balance the budget and begin 
paying off the debt. 

Undoubtedly we have got to have government ex- 
penditures to take us out of these depressions, and 
then when we get prosperous we have got to let the 
Federal Government tax us heavily enough so that 
we can pay off the debt and get ready for extending | 
it again when we get into the next depression. 

We are thus faced with new problems and I 
wish I knew the answers to them, but I don’t. What 
we have got to do is to feel our way along as best we 
can, but let me emphasize again that we do seem to 
be in anew world. We do seem to be in a condition 
where we are not expanding so rapidly and that 
brings us face to face with new problems. One thing 
that would help us, to repeat, is a reduction in the 
equality in income. I feel that business men really 
ought to adopt a self-denying ordinance and say to 
themselves and their brothers, we are not going to let 
ourselves have more than $100,000 a year, or what- 
ever it is that you fellows get, because when large 
incomes are received it is difficult to use them 
promptly. When they are not used promptly unem- 
ployment results and then the only possible answer, 
it seems to me, is to do something by way of attempt- 
ing to get business started again through government 
expenditure. 
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The Pennsylvania Turnpike 


By SAMUEL W. MARSHALL 


Chief Engineer, Pennsylvania Turnpike 
Commission, Harrisburg, Pa. 


UCH has been written 
and much has been 
said about super-highway 
proposals in this country. 
The idea has gripped the 
imagination of newspaper 
feature writers and the 
public has read of a number 
of proposals to criss-cross 
the country with a network 
of super-highways. Not 
only would such highways 
greatly expand our Nation’s 
commerce but they would 
go far toward solving the unemployment problem. 
The super-highway idea has come up for wide- 
spread discussion in the state of Pennsylvania. But 
we, I am proud to say, are not merely theorizing 
on the merits of such a route; we now are actually 
building one. I refer to the Pennsylvania Turnpike 
which will connect the state capital at Harrisburg 
with the great Pittsburgh industrial center. This 
project is the greatest single highway job ever under- 
taken in the history of our Nation—and we predict 
that it will be the first link in a national network of 
super-highways. 
For the benefit of those of you who may not be 
acquainted with this project, I would like to describe 


1 Presented at the Twenty-Second Annual Convention of the 
National Crushed Stone Association held at the Netherland Plaza 
Hotel, Cincinnati, Ohio, January 30, 31 and February 1, 1939. 


e Toll roads have passed almost out of existence 
in the United States, but of late years there has 
been some indication that they may return for 
special purposes. The Pennsylvania Turnpike, 
unusually well described in the present paper, 
is an extremely interesting example of a toll 
road, now being built for high speed traffic 
through the mountains of Pennsylvania from 
Harrisburg to Pittsburgh. This road may be a 
forerunner of more roads of this type and hence 
has unusual interest. 


briefly some of the details and interesting highlights. 
A four-lane, divided highway will be built for a dis- 
tance of 160 miles. The route will utilize seven tun- 
nels and most of the roadbed of a railroad that was 
never built—the old South Penn Railroad abandoned 
more than 50 years ago after an expenditure of some 
$10,000,000. Use of the tunnels will permit a low- 
grade route without the towering grades and curves 
of existing highways across the Appalachian Moun- 
tains. The maximum ascending grade will be three 
per cent; curves will be long and sweeping with mini- 
mum radius of about 1,000 feet. Traffic will move in 
opposite directions separated by not less than 10-foot 
parkway. There will be no intersecting crossroads 
or railroad grade crossings. Cloverleaf type of con- 
nections will be built for side roads. 

The turnpike, definitely a public necessity, will 
make possible monetary savings to all vehicles, 
principally trucks. Comfort and convenience not 
now possible on existing routes will be provided. 
The route will relieve present congestion on Penn- 
sylvania’s existing east-west highways which in 1937 
were used by approximately 3,500,000 vehicles. 
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This great contribution to Pennsylvania’s progress 
is being provided without any cost whatsoever to 
the state government. For this, the commonwealth 
can thank Walter A. Jones, Pittsburgh and Wash- 
ington industrialist, who as chairman of the Penn- 
sylvania Turnpike Commission, aroused the interest 


igh 


¥ 


West Portat West ApproacH Cut or BLUE MOUNTAIN 
TUNNEL, From Sipe or Cut Lookine East 


of President Roosevelt, Secretary of Interior Harold 
Ickes, and Chairman Jesse Jones of the R. F. C., in 
the project. Mr. Jones induced them to work out 
this financing arrangement: the PWA made an out- 
right grant of $26,100,000 and the R. F. C. agreed to 
buy the commission’s bonds in an amount not exceed- 
ing $35,000,000. The bonds, paying three and three- 
quarter per cent interest, will be amortized over a 
long period of years by tolls to be collected from 
users of the highway. Then the highway will re- 
vert to the state free of toll. 

As motorists you might be expected to have some 
interest in the general aspects of the Pennsylvania 
Turnpike, but as crushed stone producers you are 
much more vitally interested in its direct effect upon 
the prosperity of your industry. 

While our plans are still subject to change in minor 
details, I am able to estimate that the gross amount 
of crushed aggregate used will be approximately 
1,800,000 tons. The specifications set up for the vari- 
ous grades and kinds of this material will conform 
closely to the specifications enforced by the Pennsyl- 
vania Department of Highways. 

Stone used in the construction of the highway will 
be purchased by individual contractors from ap- 
proved quarries, many of which no doubt will be 
along or near our right-of-way through the southern 


counties of Pennsylvania. Many quarries able to 
furnish high grade lime and sandstones are within 
easy reach of the operation, but their capacities are 
likely to fall short of our demands, and no doubt 
other quarries throughout the state will do a sub- 
stantial business with our contractors. 

Coarse aggregate will be used in nearly every 
phase of our construction work—for our base course 
in some places; for our concrete surfaces; for class 
A concrete in bridges and tunnels; for class B or mass 
concrete; for pipes and drains, for culverts, for rubble 
masonry, and even for concrete piles in a few places. 
In a word, the Pennsylvania Turnpike will provide a 
steady market for crushed stone from the pouring of 
our first concrete a few weeks ago until the job is 
finished in 1940. 

I can best show what this will mean to the crushed 
stone producers by comparison with consumption on 
other big jobs, and by comparison with the output 
capacity of our Pennsylvania quarries. Last year 
the Pennsylvania Department of Highways, one of 
the Nation’s heaviest buyers, used approximately 
7,300,000 tons of coarse aggregate, only four times the 
amount we will use on the Turnpike alone. Then 
again, Pennsylvania’s annual output of crushed stone 
used in concrete and in road-building is between six 
and seven and a half million tons, which means that 
we will use a substantial part of the Pennsylvania 
Industry’s production on the Turnpike alone. Owing 
to our heavy demands on Pennsylvania quarries, 
there will likely be temporary new markets for quar- 
ries in other states, so that the industry in several 
states will in all probability benefit through our 
project. 

Then again the cement industry, in which Penn- 
sylvania leads the nation, will find one of its best 
markets in years in the Pennsylvania Turnpike. We 
expect to use in tunnels and roadway at least 1,500,- 
000 barrels of cement, a little less than 1-20th the 
total output of Pennsylvania’s cement plants. 

For those of you who produce sand at your plants, 
I can report that we expect to use at least 600,000 tons 
of sand, or an even higher proportion of Pennsyl- 
vania’s annual production. 

The steel industry, too, will benefit by our pur- 
chase of about 20,000 tons of steel for reinforcing in 
bridges, tunnels, and elsewhere. 

From these few figures, you can see that the Penn- 
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sylvania Turnpike will be a major factor in the busi- 
ness and industrial picture for 1939 and 1940. 

In addition to the 25,000 or more workmen to be 
employed indirectly in furnishing supplies and ma- 
terials to the contractors, at least 10,000 men will be 
employed directly on the project by fall of this year. 
They will be paid good wages by private employers, 
which in turn will stimulate other lines of business 
throughout the state and elsewhere. 

Thus far I have tried to give you a picture of what 
one super-highway project will do for your industry 
in particular and for the industry and business life 
of the nation at large. 

Now I ask you to consider with me what exten- 
sion of this Turnpike across the nation would do to 
restore genuine prosperity! Already we are draw- 
ing plans for extension of our road 112 miles from 
Harrisburg to Philadelphia; but our Chairman is not 
content with this. Mr. Jones envisions a nationwide 
system of super-highways criss-crossing the country 
east and west and north and south. His plan, how- 
ever, would be financed entirely by private capital, 
costing the taxpayers nothing. In a recent feature 


article in the Washington Herald-Times, Mr. Jones 
was quoted as saying: “Pennsylvania points the way 
to a practical solution of the unemployment problem. 


ArtTIsT’s CONCEPTION OF ENTRANCE TO BLUE MOUNTAIN 
TUNNEL 


“Construction of a national network of super-high- 
ways on terms similar to those worked out between 
our Turnpike Commission and the R. F.C. and PWA 
would employ literally millions of men without 
strain on the Federal Treasury or on the various 
states. ... 


a 


. . .“The Government would actually be lending 
only its credit, and the national debt would not be 
increased . . . and the needed workmen would be 
hired by private contractors. . . 

“I propose creation of a Federal authority with 
power to co-operate with the various states in financ- 


West PortaLt or Mountain TUNNEL East 
PorTAL OF KITTATINNY 


ing and constructing a carefully planned system of 
super-highways to serve the nation and to put people 
to work. 

“I propose that this work be financed by sale of 
Government-guaranteed bonds, to be amortized over 
a period of years by tolls low enough to attract the 
volume of traffic required.” 

When this article appeared, United States Senator 
James J. Davis was so impressed by the possibili- 
ties outlined that he read the entire two-column 
article into the Congressional Record. We hope that 
some action on this proposal will be taken at this 
session of Congress. 

Some indications of the way this national turn- 
pike system would restore prosperity have already 
appeared along the turnpike in Pennsylvania. Mild 
booms have been reported from towns along the 
right-of-way where construction is already under 
way, and other towns have benefitted for over a year 
by establishment of district headquarters there. This 
trend will be extended from town to town as new 
contracts are let, until the whole region through 
which our road passes has been permanently bene- 
fitted. This is no isolated case of prosperity follow- 
ing a new road; it always has been so, and always 
will be so. 
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As business men I know you appreciate the fact 
that progress has always followed the development 
of transportation facilities—the building of new 
roads, canals, railroads. 

Every business man of today has seen how real- 
estate advances in value, how new communities 
spring along the highways we have been building in 
recent years. This has always been true, and will 
be true in the future. 

Every patriotic American familiar with the dra- 
matic story of the settlement of the Nation knows 
how the pioneers were dependent upon the early 
toll roads, and later the canals and railroads. 

Over the old Lancaster Turnpike, opened 150 
years ago, flowed an unending stream of pioneers 
and immigrants on their way from Philadelphia to 
settle the inland areas of our State and Nation. The 
old Cumberland toll road was another major factor in 
the westward march of empire. 

Then again it is a matter of historical record that 
the construction of the Erie Canal through New York 
State in the beginning of the last century advanced 
that State’s commerce so rapidly that Pennsylvania 
was forced to build its own canal to meet the com- 
petition. 

Every student of American history knows, too, how 
civilization followed the railroads as they advanced 
across the continent 60 years ago, and how in our 
own day highways are the arteries along which com- 
merce and business flow. 

In exactly the same way, prosperity and progress 
will follow the construction of the Pennsylvania 
Turnpike now under way through some sections of 
Pennsylvania not now fully developed. 

The Pennsylvania Turnpike will bring permanent 
gains in population and business to this Common- 
wealth—and this will be in addition to its service 
in providing employment in this time of need, and to 
its military value. 

While on the subject of history, I might venture to 
remind you that each of those early transportation 
facilities—the toll roads, the canals, and the rail- 
roads—was violently opposed by reactionary ele- 
ments of the times. Such elements jeered at the 
steam boat, the steam locomotive, and the airplane. 
But history has proved no one can stand in the way 
of progress. And super-highways are the next step 
in America’s progress. 


Skid Resistance of Road Surfaces 
(Continued from page 9) 


face can be definitely determined is by an actual 
road test at various speeds, using equipment of the 
general type used in our studies. In the state of 
Oregon, in New York City and in St. Louis, such 
equipment has been built and tests have been con- 
ducted. The writer recommends that all State high- 
way departments and city street departments con- 
duct tests along these lines and eliminate the sur- 
faces which the tests indicate to be slippery. 

The writer has been informed on various occasions 
that the men who furnish the materials in highway 
construction are a respected and influential group. It 
would seem quite proper that materials men should 
do all that they can to promote the construction and 
maintenance of safe highways and particularly safe 
road surfaces. With the above facts before you, I 
charge you with the responsibility of aiding in 
bringing this about. In closing I desire to offer the 
following summary in regard to our tests. 


Summary 

In this report, the writer has attempted to ex- 
plain why road surfaces are slippery and has sug- 
gested remedies for correcting this condition. In our 
driving tests on curves, in the braking tests, and in 
our observations of traffic, we have found that the 
margin of safety when driving at the high speeds of 
traffic today is small, even on dry surfaces where 
high coefficients are available. Accordingly, the en- 
gineer should make every effort to build the maxi- 
mum possible amount of skid-resistance into all road 
surfaces. He should not build surfaces or permit 
surfaces to develop a polished or glazed surface 
condition. He should make every effort to maintain 
a surface with a “sandpaper” finish, or with a smooth 
gritty finish in which hard abrasive aggregate is se- 
curely held in place by a somewhat softer cement- 
ing medium. The ideal skid-resistant surface is one 
in which this gritty surface condition is continually 
renewable under the action of traffic. With our 
present knowledge of the causes of slippery surfaces 
and the remedies to prevent slipperiness, construc- 
tion and maintenance departments should now be 
able to develop construction and maintenance stand- 
ards which will insure that every mile of road is 
skid-resistant. When this is brought about, “slippery 
when wet” signs will disappear from our streets and 
highways and another milestone in traffic safety will 
have been passed. 
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Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 


Crushing, Screening, Washing, Grinding, 
Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 


American Bitumuls Co. 
200 Bush St., San Francisco, Calif. 


Bitumuls—Hot and cold mixes, Penetration 
and Stabilization 


American Cyanamid & Chemical Corp. 


Explosives Department 
30 Rockefeller Plaza, New York, N. Y. 


Explosives and Blasting Supplies 


American Manganese Steel Division of the 
American Brake Shoe and Foundry Co. 
389 E. 14th St., Chicago Heights, IIl. 


Manganese Steel Castings, Renewable Lip 
Dippers 


The American Pulverizer Co. 
1249 Macklind Ave., St. Louis, Mo. 


Manufacturers of Ring Crushers and Ham- 
mermills for Primary and Secondary 
Crushing 


Atlas Equipment Corp. 

9th Floor, Oliver Bldg., Pittsburgh, Pa. 

Shovels—% to 2% yds.; Stripping Equip- 
ment; Crawler, Truck and Locomotive 
Cranes; Heavy Hauling Equipment; 
Crushing, Screening and Washing Plants; 
Stone Sand Classifiers; Conveyors—Belt- 
ing; Spreaders; Asphalt Plants; Bins and 
Batchers; Bulk Cement Equipment; Roll- 
ers; Pumps. 


Atlas Powder Co. 
Wilmington, Del. 
Industrial Explosives and Blasting Supplies 


MANUFACTURERS’ DIVISION 


of the 


NATIONAL CRUSHED STONE ASSOCIATION 


These associate members are morally and financially aiding the Association in its efforts to 
protect and advance the interests of the crushed stone industry. Please give them favorable 


consideration whenever possible. 


Audubon Wire Cloth Corp. 


Richmond St. and Castor Ave., 
Philadelphia, Pa. 


Wire Cloth in all Meshes and Metals and 
Woven Wire Screens in VIBRALOY Abra- 
sion-Resisting Steel 

Earle C. Bacon, Inc. 
17 John St., New York City 


Primary and Secondary Crushers, Rolls, 
Screens, Elevators, Conveyors—Complete 
Plants designed and equipped. 


The Barrett Co. 
40 Rector Street, New York City 


Tarvia and Tarvia-lithic for Road Construc- 
tion, Repair and Maintenance 


Brooks Equipment and Mfg. Co. 
408-10 Davenport Road, Knoxville, Tenn. 


“Brooks Load Jugger” (Stone Hauling 
Equipment). DAY Jaw Type Rock Crush- 
ers. DAY Pulverizers, or “Swing Ham- 
mer” Crushers 


C. G. Buchanan Crushing Machinery Divi- 
sion of the Birdsboro Steel Foundry and 
Machine Co. 


90 West Street, New York City 


Primary,  <paeeaatial and Finishing Crushers 


and Rol 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 
Excavating, Drilling and Material Handling 
Equipment 
Cross Engineering Co. 
Carbondale, Pa. 
Screen Plates and Sections, Perforated Plate, 
for Vibrating, Rotary and Shaking Screens 
Dempster Brothers, Inc. 
Box 3063, Knoxville, Tenn. 
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MANUFACTURERS’ DIVISION of the 
NATIONAL CRUSHED STONE ASSOCIATION 


E. I. du Pont de Nemours & Co., Inc. 
Wilmington, Del. 
Explosives and Blasting Accessories 
Easton Car and Construction Co. 
Easton, Pa. 
Quarry Cars, Truck Bodies and Trailers 
Electric Heaters for Tar, Asphalt or Bitumen 
Ensign-Bickford Co. 


Simsbury, Conn. 

Cordeau-Bickford Detonating Fuse and 
Safety Fuse 

Frog, Switch & Mfg. Co. 

Carlisle, Pa. 

Manganese Steel Department—Manufactur- 
ers of “Indian Brand” Manganese Steel 
Castings for Frogs, Switches and Cross- 
ings, Jaw and Gyratory Crushers, Cement 
Mill, Mining Machinery, etc., Steam 
Shovel Parts 


General Electric Co. 
1 River Road, Schenectady, N. Y. 
Electric Motors 


Goodyear Tire & Rubber Co. 
Akron, Ohio 


Belting (Conveyor, Elevator, Transmission) , 
Hose (Air, Water, Steam, Suction, Mis- 
cellaneous), Chute Lining (Rubber) 


Gruendler Crusher and Pulverizer Co. 

2915 N. Market St., St. Louis, Mo. 

Rock and Gravel Crushing and Screening 
Plants, Jaw Crushers, Roll Crushers, 
Hammer Mills, Lime Pulverizers 

Hardinge Co., Inc. 
York, Pa. 
Scrubbers, Pulverizers, Dryers 


HarriSteel Products Co. 

420 Lexington Avenue, New York, N. Y. 

Woven Wire Screen Cloth and Abrasion 
Resisting Products 

Hayward Co. 

50 Church Street, New York City 

Orange Peel Buckets, Clam Shell Buckets, 
Dra Line Buckets, Electric Motor 
Buckets, Automatic Take-up Reels 

Hendrick Mfg. Co. 

Carbondale, Pa. 

Perforated Metal Screens, Perforated Plates 
for Vibrating and Shaking Screens, Ele- 
vator Buckets, Hendrick Vibrating Screens 

Hercules Powder Co. 
Wilmington, Del. 
Explosives and Blasting Supplies 


Illinois Powder Mfg. Co. 


124 N. 4th St., St. Louis, Mo. 
Gold Medal Explosives 


International Harvester Co. 
108 N. Michigan Ave., Chicago, Ill. 
International Motor Trucks, International 
Industrial Tractors and Power Units 


The Jeffrey Mfg. Co. 
Columbus, Ohio 
Material Handling Machinery, 
Pulverizers, Screens, Chains 


Kelbar Powder Co. 
200 W. 9th St., Wilmington, Del. 
All Blasting Requirements 


Kennedy-Van Saun Mfg. and Eng. Corp. 
2 Park Ave., New York City 
Material Handling Machinery—Crushers, 
Pulverizers, Vibrating Screens 


Kensington Steel Co. 
505 Kensington Ave., Chicago, Ill. 
Manganese Steel Castings, Dipper Teeth, 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 


The King Powder Co., Inc. 


Cincinnati, Ohio 


Koehring Co. 
3026 W. Concordia Ave., Milwaukee, Wis. 
Mixers, Pavers, Shovels, Cranes, Draglines, 
Dumptors, Traildumps, Mud-Jacks 


Crushers, 


Lima Locomotive Works, Inc. 
Shovel and Crane Division 
1108 Lima Trust Bldg., Lima, Ohio 
Power Shovels, Draglines and Cranes 


Link-Belt Co. 
300 West Pershing Road, Chicago, Ill. 
Complete Stone Preparation Plants. 
veyors, Elevators, Screens, Washing 
Equipment, Speed-o-Matic Shovels— 
Cranes—Draglines and Power Transmis- 

sion Equipment. 


Ludlow-Saylor Wire Co. 
Newstead Ave. & Wabash R. R., St. Louis, Mo. 
Woven Wire Screens and Wire Cloth of 
Super-Loy, Manga-Loy and all commer- 
cial alloys and metals 


McLanahan and Stone Corp. 
Hollidaysburg, Pennsylvania 


Manganese Steel Forge Co. 
Richmond St. and Castor Ave., 
Philadelphia, Pa. 
ROL-MAN Rolled and Forged Manganese 
Steel Products, Forgings, Pressings, Fab- 
ricated Parts and Threaded Bolts—Screens 
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Marion Steam Shovel Co. 
Marion, Ohio 
A Complete Line of Power Shovels, Drag- 
lines and Cranes 


National Powder Co. 
Eldred, Pa. 


Commercial Explosives and Blasting Ac- 
cessories 


The National Supply Co. of Delaware, 
Superior Engine Division 
1401 Sheridan Ave., Springfield, Ohio 
Diesel Engine Equipment 


Nordberg Mfg. Co. 

Milwaukee, Wis. 

Cone Crushers, Vibrating Screens, Classi- 
fiers, Diesel Engines, Steam Engines 
Compressors, Mine Hoists, Underground 
Shovels, Track Maintenance Tools 


Northern Blower Co. 
65th St. South of Denison, Cleveland, Ohio 
Dust Collecting Systems, Fans—Exhaust 
and Blowers 


Northwest Engineering Co. 
28 E. Jackson Blvd., Chicago, III. 


Ohio Locomotive Crane Co. 
Bucyrus, Ohio 
Gasoline, Diesel, Electric Steam Locomotive 
Cranes, Crawler Cranes and Shovels 


Pettibone Mulliken Corp. 
4710 West Division St., Chicago, Il. 


Pit and Quarry Publications 
538 South Clark St., Chicago, IIl. 
Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory, Concrete In- 
dustries Yearbook 


Robins Conveying Belt Co. 
15 Park Row, New York City 


Belt Conveyors, Bucket Elevators, Gyrex 
and Vibrex Screens, Feeders, Design and 
Construction of Complete Plants 


Rock Products 
205 West Wacker Drive, Chicago, Ill. 


Ross Screen and Feeder Co. 
19 Rector St., New York City 


Ross Patent Chain Feeders for Feed Control 
of All Sizes Rock, Ores, Gravel, etc. 


Screen Equipment Co. 
9 Lafayette Ave., Buffalo, N. Y. 
SECO Vibrating Screens 


Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, 
D’centegrator, Simplicity 
Wheel 


Simplicity 
D’watering 


Smith Engineering Works 

E. Capitol Drive at N. Holton Ave., 

Milwaukee, Wis. 

Gyratory, Gyrasphere, Jaw and Roll Crush- 
ers, Vibrating and Rotary Screens, Gravel 
Washing and Sand Settling Equipment, 
Elevators and Conveyors, Feeders, Bin 
Gates, and Portable Crushing and Screen- 
ing Plants 


Stephens-Adamson Mfg. Co. 
Aurora, Illinois 
Complete Stone Preparation Plants, Con- 
veying, Elevating, Screening, Transmis- 
sion Equipment 


Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 
Manganese and other Special Alloy Steel 
Castings 


The Texas Co. 
135 E. 42nd St., New York City 


The Thew Shovel Co. 
Lorain, Ohio 
Power Shovels, Cranes, 
Locomotive Cranes, 
Electric, Gasoline. 
capacities 


Crawler Cranes 
Draglines. Diesel 
3/8 to 2-1/2 cu. yd. 


The Traylor Engineering & Mfg. Co. 
Allentown, Pa. 


Stone Crushing, Gravel, Lime and Cement 
Machinery 


Troco Lubricating Co., Inc. 
2728-34 N. Salmon St., Philadelphia, Pa. 


Troco Crusher Grease, Troco Safety Lubri- 
cants 


Trojan Powder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 


The W. S. Tyler Co. 
3615 Superior Ave., N. E., Cleveland, Ohio 


Wire Screens, Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 


Warren Brothers Roads Co. 
P. O. Box 1869, Boston, Mass. or 
38 Memorial Drive, Cambridge, Mass. 
Complete plants and separate plant units 
for bituminizing all types of stone, sand 
and gravel aggregate paving mixtures 
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